Trade credit is the most succeeding economic phenomenon which is used by the supplier for encouraging the retailers to buy more quantity. In this article, a mathematical model with stock dependent demand and deterioration is developed to investigate the retailer's optimal inventory policy under the scheme of permissible delay in payment. It is assumed that defective items are produced during the production process and delay period is progressive. The objective is to minimize the total average cost of the system. To exemplify hypothesis of the proposed model numerical examples and sensitivity analysis are provided. Finally, the convexities of the cost functions and the effects of changing parameters are represented through the graphs.
Introduction
In long-established inventory models, it is often assumed that the purchasing cost for the items is paid by the retailer to the supplier as soon as the items have been received. In practice, a delay period known as trade credit period is offered by the supplier to the retailer, in paying for purchasing cost. Up to the end of the trade credit of a cycle, the retailer is free of charge, but he/she is charged on an interest for those items not being sold before this end. During the trade credit period, the retailer can accumulate revenues by selling items and earning interests. Goyal (1985) is the first person who developed the EOQ model under conditions of permissible delay in payments. Shah et al. (1988) studied the same model, incorporating shortages. Later on, Aggarwal and Jaggi (1995) discussed the inventory model considering deterioration and permissible delay in payment. Other motivating mechanisms in this research area are those of Teng (2002) , Ouyang et al. (2006) , Khanra et al. (2011) , , Teng et al. (2012) , Singhal & Singh (2013) and Singh and Sharma (2013) .
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Formulation of the Model
We consider an inventory model with stock-dependent demand model with different types of delay period. Depending on this policy, there may arise some cases:
Case (1): If the retailer pays the purchasing cost within the time R (i.e., T ≤ R), then there is no interest charged.
Case (2): If the retailer pays the purchasing cost after R and before S (i.e., R ≤ T ≤ S), then the supplier can charge a rate of interest I c1 to the retailer.
Case (3): If the retailer pays the purchasing cost after S and before T (i.e., T ≥ S), the supplier can charge a rate of interest I c2 on the unpaid balance (see Figs. 1-3) . Now, the present state of the on-hand inventory is described by the following differential equations: 
Deterioration cost for deteriorating items is DC and is given by
Production cost is PRC and is given by
Purchasing cost is PUC and is given by
Along with the trade credit, the paper considers the production of imperfect items. The lifetime of defective item follows a Weibull distribution defined as ( ) , 1 t t        , where α, β are two parameters and t is the time to failure. Hence, the total number of defective items is:
The rework cost is RC and is given by
Now, for different delay periods:
Case (1): T ≤ R
In this case, interest earned is IE 1 and is given by 
IE t t D I t dt T t D I t dt R T D I t dt D I t dt T
In this case, interest charged is IC 2 and is given by
Case (3): T ≥ S
In this case, interest earned is IE 3 and is given by 
IE t t D I t dt T t D I t dt T
In this case, interest charged is IC 3 and is given by
Thus, the total average cost for case (1): is Z 1 (T) and is given by,
The total average cost for case (2) is Z 2 (T) and is given by
The total average cost for case (3) is Z 3 (T) and is given by
Our objective is to minimize the total cost of the inventory system. The necessary conditions for the existence of the optimal solutions are
Using the software Mathematica-8.0, from eq. (22) 
and the inequality   
Differentiating the above expression with respect to T, we get
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After some simplification, we get and 0.
Hence the proof. 
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After some simplification, we get 
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Algorithm
Step 1: Determine T 1 * from equation (22), if T 1 * ≤ R then evaluate Z 1 (T 1 * ) from (19). Otherwise go to step 2.
Step 2: Determine T 2 * from equation (23) 
Numerical Examples
All calculations are executed with the help of the software Mathematica 8.0, from where we get the optimal value. To illustrate the proposed model two examples are presented here in which Z 1 and Z 3 are the optimal solution. 
Sensitivity Analysis
Sensitivity analysis of the numerical example (1) and (2) are presented in Table 1 and 2 respectively as follows. The behavior of the parameters changed with respect to the total average cost is shown graphically in Fig. 10 (for example (1)) and Fig. 11 (for example (2)) and some interesting results drawn from sensitivity analysis are given as follows.
(1) The total average cost increases as the purchasing cost (C p ) increases, which is true in practical situation. As the purchasing cost per item increases, it is obvious to increase the optimal cost of the system.
(2) The total average cost of the system increases with an increase in ordering cost (C A ), which is quite natural as the per order growth of ordering cost implies an increase in total average cost of the system. (3) When the selling price increases the total average cost of the inventory system decreases. The fact is that due to the higher selling price retailer accumulates more revenue and earns more interest during the delay period. (4) As the demand parameters (a, m) increases the total average cost of the system increases. The motive is that more demand means more production consequently the total average cost increases.
(5) An increase in production parameter (k) shows that the retailer produces more items therefore the holding cost and deterioration cost, etc. increases as a result the optimal cost of the system increases.
(6) The total average cost decreases as the deterioration rate (θ) and the deterioration cost (C d ) decreases which according to the real situation.
(7) An increase in rework cost per unit item indicates the growth of the total rework cost. To reduce the cost, the production of imperfect items will have to be reduced. (8) When the production cost (C) and the holding cost (C h ) increases the total average cost of the system increases. The reason is that per unit increase in production and holding costs increases the total production and holding costs therefore the total average cost of the proposed model increases. 
Conclusion
In this research article, an inventory model for deteriorating items with stock dependent demand rate considering imperfect production and delay in payment scheme has been developed. In this model, two delay periods have been provided by the supplier to attract the retailer. During the delay period an interest was earned on accumulated revenue by the retailer selling his/her commodity. In most of the papers, the examiners have considered the production of the perfect items through different machinery systems. However, in practical situation, due to employment problems, machine breakdowns, the system produces imperfect quality items, which may rework at a cost to make it perfect. In this model, the production of the imperfect items follows Weibull distribution and the production rate depends on the demand factor. An algorithm to determine the optimal policy has also been presented. In addition, sensitivity analysis is performed to examine the effect of parameters. From sensitivity analysis it is observed that the model is enough stable with respect to the changes in system parameters. Further, the model may be generalized by considering shortages and n cycles in a finite planning horizon.
Appendix 1.
The values are given as follows: 
